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Certain individuals who develop chronic in-
fection of nails, palms and soles due to Tn-
chophyton rubrum stand in marked contrast to
others, who, although continually exposed to
infection, do not develop clinical disease. How
far this is due to environmental factors and how
far to an undue susceptibility on the part of the
host is ill understood.
That environmental factors do play an im-
portant part is shown by the increased incidence
of dermatophyte infections under conditions of
higher humidity and temperature. Also Holmes
and Gentles (1) have drawn attention to the
greater incidence of foot infections amongst
coal miners using pit head baths as compared
with miners in pits where such baths are not
provided. More recently English (2), after an
extensive survey of the epidemiology of tinea
pedis, concluded that the great majority of such
attacks could be attributed to contact with in-
fection from an outside source. On the other
hand Baer and his colleagues (3, 4) whilst demon-
strating the ease with which fungal fragments
may be disseminated, found great difficulty in
inducing infection in volunteers, a finding which
was confirmed by Strauss and Eligman (5).
Both groups of workers concluded that the de-
velopment of clinically recognizable disease was
primarily dependent upon the inherent sus-
ceptibility of the host. This opinion is supported
by the frequency with which, although a hus-
band or wife may have chronic infection due to
T. rubrum, the spouse over a period of years
remains clinically free of infection. Factors
which influence such susceptibility would appear
to exert their action in the epidermis since, al-
though serum has considerable inhibiting power
against the dermatophytes this power appears
to be a property of serum from both infected
and uninfected individuals (6, 7, 5) and this
finding is confirmed in the present paper. One
possible explanation is that the 'growth medium'
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for the fungus presented by the epidermis of
the susceptible individual is more favorable
for establishment and development of the in-
vading organism than that of the non-suscepti-
ble person. Such differences could arise from
quantitative or qualitative differences in the
products arising from cellular disintegration
during the formation of the horny layer, from
differences in the composition of sweat or sebum
or in the nature of the mieroflora resident in the
epidermis.
In the present investigation attempts have
been made in two ways to discover differences
in the epidermis presented to the fungus which
might explain such differences in susceptibility.
Firstly, by examination of the individual levels
of ammonia, urea and pyruvic and lactic acids
in aqueous washings from the soles of a group
of patients with long-term T. rubrum infection
both before and following treatment with
griseofulvin as compared with a similar group of
clinically non-infected individuals; secondly by
examining the effect upon in vitro growth of
T. rubrum of bulked aqueous and acetone wash-
ings from the soles of infected and uninfeeted
groups.
The above four materials were selected for
estimation since they have previously been re-
ported as present in skin extracts and their
probable origin from diverse sources makes it
likely that they will reflect changed circum-
stances in the skin. Thus, urea may arise as a
component of sweat or as a result of arginase
activity in the upper cells of the malpighian
layer, lactic acid from sweat, from glyeolysis
during keratinization or from microbial activity
in the epidermis; ammonia from oxidative
deamination of amino acids during cellular
disintegration or through microbial action upon
urea or amino acids, and pyruvate during
glycolysis, by oxidative deamination of alanine
or by oxidation of lactic acid. They were not
chosen because of any reason to suppose that
they would themselves have any specific effect
on fungal growth.
Estimations of urea, ammonia and lactate
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have been made in aqueous extracts of human
scalp skin flakes (9), in aqueous wipings of
normal non-sweating skin (10), in stratum
corneum obtained from the back (11), at different
levels in the epidermis on the back (12) and in
sweat (13). Pyruvate has been estimated in
sweat by Itoh (14). These studies indicate that
the amounts of the components may vary widely
from one individual to another. There does not
appear to be any record of the estimation of urea,
ammonia, lactate and pyruvate in the same
washings; nor of the amounts of any of these
materials extractable from the skin areas in
which persistent T. rubrum infection is found.
In the results to be described no statistically
significant (at the conventional level of P <
0.05) differences have been found in the mean
levels of any single component between the
control group and the infected group (either
before or after griseofulvin treatment). How-
ever, the calculation of correlation coefficients
between the levels of all possible pairs of com-
ponents showed considerable differences in their
relationships between the three groups of pa-
tients studied. The statistical evidence is pre-
sented and possible inferences from these find-
ings are discussed.
EXPEEIMENTAL
The Patients
(a) Those providing aqueous washings for chemi-
cal estimation.
The nine patients were all adult, six being
male; with the exception of one girl of 21, their
ages ranged between 35 and 50. In all instances
routine scrapings and cultures from soles and toe
nails showed the presence of T. rubrum. In one
case infection was known to have been present
for three years, in all others for longer than five
years. In five instances the spouses of the patient
acted as controls: her room-mate acted as control
for the girl of 21, while for one man a woman of
equivalent age was accepted: for two, controls
were not obtained. All controls were examined
and shown to be clear of toe nail and sole infection
clinically and microscopically. Samples were
taken at the same time of the day at monthly
intervals between October and December in the
case of the infected and control group; 13 months
later in the group treated with griseofulvin.
Treatment with griscofulvin was given to the
infected group ten months later; all patients re-
ceived 2 gm. daily for two weeks followed by one
gm. daily for a minimum of five weeks. Three
patients had all infected toe nails removed at
the inception of treatment but in six, toe nail
infection persisted. Prior to the collection of
washings the soles of all patients had been clin-
ically normal and scrapings had shown no fungus
on three separate examinations at weekly in-
tervals.
(b) Those providing washing for fungal growth
experiments.
Three bulked aqueous washings and an equal
number of acetone washings have been obtained
from groups of infected and uninfected individuals
defined as above. Each individual was washed
five times on each occasion, at intervals of at
least 24 hours between washes. Serum was ob-
tained from six patients with chronic T. rubruni.
infection and from 17 uninfected individuals and
was used as rapidly as possible.
Washing Procedure
All patients washed their feet 24 hours prior
to the collection of samples. For the collection
of aqueous washings 40 ml. of glass distilled water
was placed in a polythene bag measuring 37 x
20 cm., so that when the foot was enclosed by
the bag and a rubber band placed in position
round the ankle to secure the bag, the lower
surface of the foot and toes was immersed. Both
feet of all subjects were treated in this way for
30 minutes, after which time the washings from
both feet of each subject were combined, cen-
trifuged at 2,500 r.p.m. for 3 minutes to remove
skin debris and stored at 4°.
The washings from all individuals in a given
group were bulked, filtered and concentrated
under N2 in vacuo at 30° to approx. *ioth their
original volume. After adjustment of the pH as
required the concentrated washings were sterilized
by filtration, diluted if necessary and aseptically
added to culture flasks.
Acetone washings were obtained by placing
the feet in a flat dish containing sufficient acetone
to wash the soles and interstices of the toes, this
being effected by gentle agitation for ten minutes.
The combined washings of a group were treated
as for the aqueous washings except that the final
concentration was to dryness. The residue was
dissolved in chloroform, insoluble material being
rejected, and stored at 4°. For inclusion in culture
medium acetone-soluble fractions from which the
chloroform had been removed by warming at 33°
were suspended in sterile distilled water in a
suitable sterile tube and subjected to ultrasonic
vibration for ten minutes with cooling. The re-
sulting emulsion was stable for more than 14 days
at 33° and remained so on dilution with medium.
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Sterility was maintained during emulsification
by flaming the probe of the vibrator and the use
of a Subaseal cap. This technic was successful
for concentrations up to 4 mg/rn!. acetone soluble
material.
Estimation Procedures
(a) Estimation of ammonia, urea and pyruvic and
tactic acids.
Estimations in duplicate were carried out di-
rectly on the washings after centrifugation of
insoluble debris. Foot tracings on squared paper
were taken from all subjects and approximate
surface areas calculated. Results were then ex-
pressed as mg./100 cm2. skin surface. Estimations
were made as speedily as possible, urea and am-
monia being estimated immediately. No protein
precipitation procedures were used; thus where
methods cited include such procedures they were
omitted. Calibration curves were prepared using
standard solutions as indicated, over the range
10—100 Mg. except in the case of ammonia de-
termination where the range used was 1—28 pg.
Such curves were prepared each time a method
was used and optical densities were read on a
Unicam Spectrophotometer S.P. 600. Pyruvic
acid was estimated by the method of Friedemann
and Haugen (15), lactic acid by the method of
Barker and Summerson (16) as modified by Hullin
and Noble (17). Urea was estimated by the urease
method (18) using a solution of urea for prepara-
tion of the standard curve. Ammonia was esti-
mated by placing a suitable aliquot of the wash-
ings in a penicillin bottle together with an equal
volume of saturated K2C02 solution, and leaving
overnight at room temperature. The released
ammonia was absorbed in a drop of 2N R2504
on the end of a glass rod fitted through the rubber
seal of the bottle, the ammonia was then esti-
mated by washing the glass rod with 10 ml. of a
1:10 dilution of Nessler's reagent, the optical
density of the solution being read at 480 mp.
(b) Fungal growth experiments.
(1) The organisms. Three strains of T. rubrum
were used, all being freshly isolated from skin
scrapings at the commencement of the work.
One strain, T. rubrum, OS, was used in all ex-
periments concerned with the effects of serum
and skin washings: mycelium for use as inocula
was grown for 7 days on Sabouraud broth at 33°.
(2) The measurement of growth. (a) The effect
of aqueous or acetone skin washings: In order to
be able to make quantitative determination of
growth under reproducible conditions the or-
ganisms were grown on 10 ml. of a synthetic
medium in 250 ml. conical flasks (Table 1) and
TABLE 1
Composition of the standard medium used for
growth of Trichophgton rubrum
The medium was at pR 7.0 unless stated otber-
wise.
d-biotin SOpg
Thiamin hydrochloride 500 pg
i-inositol 500 pg
1-glutamic acid 21.0 mg
1)-glucose 100 mg
KH2PO4 18.0 mg
MgSO47H20 1.0 mg
growth measured by determination of total
mycelial nitrogen by the method of Markham
(19). For this purpose the mycelium was filtered
on to a 3.0 cm. Whatman No. 1 filter paper in a
sintered glass funnel and washed three times
with 50 ml. distilled water. The synthetic medium
was chosen as one giving easily measurable growth
although not as luxuriant as that obtainable with
nutrients of variable composition such as protein
hydrolysates and yeast extract. In growth ex-
periments mycelium grown on Sabouraud's broth
was repeatedly washed aseptically with sterile
water by decanting, suspended in sterile water
and homogenized in the apparatus described by
Moore and Mason (20): 0.1 ml. of such an ho-
mogenate was used as inoculum. Growth was
normally allowed to continue for eight days at
33° since this period was found to give easily
measurable growth at a point early in the period
of linear growth which extended from 7 to 14
days under the above conditions.
(b) The effect of serum: The quantities of serum
available made it impossible to employ the above
method in studying the effect of serum upon
growth. The assay was a modification of that
described in (8) and was effected in 0.3 ml. of
0.15% glucose in physiological saline to which
appropriate amounts of serum and physiological
saline had been added giving a final volume of
1.0 ml. contained in a 15 ml. test tube. Inoculation
was by a platinum loop from a mycelial ho-
mogenate. Growth was for eight days at 33° and
the mycelium was then filtered on to 0.5 cm.
Whatman No. 1 paper, washed three times with
10 ml. water and the mycelium and paper di-
gested with 0.1 ml. cone. H2S04 and 0.1 g. suit-
able catalyst. The digest was diluted to 1—2 ml.
with water, cooled to 4°, 1 ml. transferred to a
penicillin bottle containing 3.0 ml. 40% NaOH.
and the ammonia estimated as described above.
Controls were determined using the filter paper
only, and ammonia values determined from a
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standard curve obtained using ammonium sul-
fate.
(3) Fractionation of acetone soluble material.
Acetone soluble material obtained as above was
dissolved in ether and extracted four times with
5% sodium carbonate solution. This extract was
acidified and subjected to continuous ether ex-
traction for 24 hours to yield the free acid frac-
tion. The residue after sodium carbonate extrac-
tion was saponified by the method of Cocks (21)
to yield the non-saponifiable fraction. All con-
centrations were effected under N2 at 300 and
final fractions stored at 4° in chloroform solution.
Cholesterol was determined by the method of
Sperry and Webb (22).
TABLE 2
Concentration of components in aqueous washings,
ing./100 cm.2 skin surface
All values mean of three washings. S.D. =
Standard deviation.
Arithmetic mean
S.D.
0.1881.73 0.330 6.61
0.7723.86 0.873 11.03
0.1451.78 0.203 4.48
0.7414.79 0.903 14.40
0.4802.30 0.577 9.27
0.3473.99 0.690 12.85
0.2372.29 0.530 8.59
0.4162.96 0.587 9.60
0.2581.23 0.261 3.46
TABLE 3
Comparison of mean levels of components in skin
washings from control (C), infected (I) and
griseofulvin treated groups (IG)
Means of group C — means of group I
Degrees of freedom = 14
Differ-
ence
between
Means
Ammonia...... +0.015 0.07 P > 0.9
Urea —0.75 0.86 0.5 > P > 0.4
Pyruvic acid —0.283 0.80 0.5 > P > 0.4
Lactic acid —1.38 0.48 0.7 > P > 0.6
Means of group C — means of group IG
Degrees of freedom = 12
Ammonia +0.187 0.90 0.4 > P > 0.3
Urea +0.80 0.90 0.4 > P > 0.3
Pyruvic acid +0.199 0.85 0.5 > P > 0.4
Lactic acid —0.41 0.18 0.9 > P > 0.8
TABLE 4
Comparison of observations each relating to the
same patient in infected and griseofulvin
treated groups
Degrees of freedom = 6
Ammonia 0.172 1.55 0.2 > P >0.1
Urea 1.73 4.12 0.01 > P > 0.001
Pyruvic acid.... 0.498 1.73 0.2 > P >0.1
Lactic acid 1.02 048 0.7 > P > 0.6
RESULTS
(a) Estimation of Ammonia, Urea and Pyruvic
and Lactic Acids in Aqueous Washings
of Soles
The values obtained for these four components
in the control (C), T. rubrum infected (I) and
griseofulvin treated (IG) groups, are shown
in Table 2. The values quoted for each patient
are the means from three different samples and
the standard deviation between these means are
calculated. Comparison of the results for the
control group with each of the other two groups
by application of Students test is shown in
Table 3. It is seen that there are no statistically
Group Am-monia
0.201 2.46
0.601 6.05
0.5797.19
1.642 2.45
0.421'2.54
0.532 3.13
0.2442.49
0.603 3.76
0.485 2.00
Control
Arithmetic mean
S.D.
Infected
Pyruvic
Acid
0.3 13
1.578
0.522
1.611
0.615
0.474
0.385
0.785
0.561
0.482
1.124
2.915
0.600
1.405
1.313
0.516
0.896
0.362
1.068
0.789
Lactic
Acid
3.84
19.65
11.44
7.56
6.93
7.55
7.40
9.19
5.11
5.23
15.91
7.55
5.21
16.13
21.91
8.73
4.85
9.62
10.57
6.04
Mean
Differ-
ence(I —
IG)
P
B
D
G
I
N
L
Q
A
C
E
H
J
M
R
S
T
A
E
H
I
M
H
T
0.186
0.518
0.914
0.174
1.136
1.201
0.191
0.666
0.315
0.589
0.412
2.37
3.58
6.22
3.00
6.62
6.06
4.55
4.19
3.98
4.51
1.50
Infected after
Griseofulvin
Arithmetic mean
S.D.
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significant differences between the means. Com-
parison of groups I and IG has been confined
to the results from the seven patients common
to the two groups. The result of the "t" test for
pairs of observations each relating to the same
patient is shown on Table 4 when it is seen
that the fall in urea level after treatment with
griseofulvin is significant.
The examination for relationship between the
levels of each possible pair of components within
TABLE 5
Correlation coefficients (r) for each pair of
components estimated in each group
C = Control; I = T. rubrum infected; 1G. =
T. rubrum infected after griseofulvin treatment.
C I IC.
Ammonia v. urea —0.035 0.877* 0.803*
Ammonia v. lactic acid.. 0.105 0.683* 0.761*
Ammonia v. pyruvie
acid 0.766* 0.677* 0.916*
Urea v. lactic acid 0.765* 0.567 0.944*
Urea v. pyruvie acid.... 0.202 0.695* 0.915*
Lactic acid v. pyruvic
acid 0.610 0.202 0.932*
Mi r value significant
at P < 0.05 0.755 0.667 0.755
* Significant at P < 0.05.
z0
300
FIG. 1. Effect of aqueous skin washings upon
growth of T. rubrum at pH 7.0.
mg FREE-ACID/FLASK
FIG. 2. Effect of the free acids of skin washings
upon growth of T. rubrum.
each of the three groups of patients was made
by determination of the relevant correlation
coefficients. These values are recorded in Table
5.
Thus it is seen that in the control group a
significant correlation is found between am-
monia and pyruvic acid and between urea and
lactic acid; the former pair of substances showing
a similar correlation in groups I and IG also.
In the infected group both before and after
griseofulvin treatment there is a significant
correlation between ammonia and urea and
ammonia and lactic acid, relationships which
are not seen in the control group. The results
for group IG show a striking difference from the
other two groups in that the values for r for all
pairs of components are all significant and four
values are > 0.9.
(b) The Effect of Bulked Aqueous Skin Washings
on Growth of T. rubrum
The concentrated washings prepared as
described were found to exert a marked stimu-
lating effect upon growth under the conditions
employed. Typical results are shown in Figure
1 and it is seen that the washings from control
and infected groups are almost identical in
their effect npon growth.
(a) The Effect of Bulked Acetone Skin Washings
on Growth of T. rubrum
Examination of the crude concentrated acetone
extracts showed them to be powerfully inhibi-
90
70
Z 600
50Iz
—0 FROM INFEaBD SUBJECTS
—X— FROM uNINFECTED SUBJECTS
30
20
I0
0•l 02 03 04
500
400
—0— FROM INFECTED SUBJECTS
FROM UNINFBCTED SUBJBCTS
100
2 4 6 8 10 2 14 6 8 20 22 24
mg DRY WEIGHT OF WASHINGS
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tory. Fractionation of the crndc material into
free acid and non-acid fractions was effected as
described. The latter fraction was found to have
no effect upon growth. Thus the inhibitory
activity of the original extract resides in the
free acid fraction and typical results are seen
in Figure 2. Complete inhibition of growth was
found with approx. 10 Mg. free acid fraction/ml.
medium, but essentially no differences were
found between the control and infected groups.
(d) The Effect of Serum Upon in Vitro Growth of
T. rubrum
Sera from six infected and 17 uninfected in-
dividuals were studied: the latter group in-
cluded the spouses of the infected group. Sera
were tested at levels of 30, 50 and 70% serum
and the findings of Roth et al. (8) were con-
firmed in that 30% sera provided a good growth
medium in all samples. With increasing con-
centrations of serum three types of scra were
found; those which showed inhibition of growth
at 70% serum; those which showed stimulation
at this concentration, and those which showed
no change in growth of the fungus with in-
creasing concentration. The distribution of
these three types between the two groups of
patients is shown in Table 6 indicating no
differences between the infected and uninfected
groups.
(e) Cholesterol Content of Bulked Acetone Washings
Cholesterol is a major component of the non-
saponifiable fraction of skin and its level could
possibly vary as between susceptible and non-
susceptible individuals. The cholesterol level
in the non-saponifiable fraction of bulked acetone
washings from the three groups of individuals
was determined. Whilst the Liebermann-
Burchardt reaction is not specific for cholesterol,
TABLE 6
Effect of sera upon in vitro growth of T. rubrum
No. of Sera Showing
Group
No. of
Sera
Examined
Growth
otimula-
tioo with
70%
serum
Growth
inhibition I
with 70%
serum I
No Effect
upon
Geowth
Uninfeeted... 17 2 11 4
infected 6 1 3 2
TABLE 7
Cholesterol levels in non-saponifiable fractions
from bulked acetone skin washings
Values expressed as mg. eholesterol/lOD mg.
non-saponifiable material.
Group Uoiofected T. eubrumlofected
Griseofulvio
Treated
Bulk collec-
tion
1 16.1 9.3 15.1
2 16.8 9.5 16.3
3 14.48 8.1
no evidence was found for the presence of other
sterols. Thus all Liebermann-Burchardt reacting
material was precipitated by digitonin; the rate
of development of color and the absorption
spectrum of this colour were identical with
those obtained using pure cholesterol. Sterols
precipitable by digitonin whether Liebermann-
Burehardt positive or negative can be estimated
by the anthrone reagent of Vahouney, Mayer,
Roe and Treadwell (23): "anthrone values" so
determined indicated sterol levels identical with
those obtained with the Liebermann-Burehardt
reaction thus showing that the only digitonin
precipitable sterols present were Liebermann-
Burchardt positive.
Three bulk collections were obtained at
different periods from groups of uninfected and
infected patients and two from patients after
treatment with griseofulvin. The results ob-
tained for the cholesterol estimations are shown
in Table 7. The values obtained for the infected
group were only 50% of those found in the
normal group, but on clearing the infection with
griseofulvin the values are seen to return to
those in the control group.
DISCUSSION
It is obvious from the above findings that this
attempt to show differences between people
who are susceptible to infection by T. rubrum
and those who are not susceptible, by an ex-
amination of the nature and properties of ma-
terials which can be washed from the skin sur-
face, has not been very successful. This may be
due to the fact that such differences, if they
exist, are not reflected in these washings or
alternatively, that the method of study has not
been such as would demonstrate their presence.
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This would apply particularly to studies of the
effects of the washings upon the growth of the
fungus in vitro since this type of growth may not
respond in the same manner as that which occurs
normally in vivo.
The experiments on the effect of washings
upon the growth of the fungus demonstrated
quite clearly that whilst the aqueous extracts
contained materials suitable for fungal growth,
the free fatty acids present in the acetone wash-
ings were powerful inhibitors of such growth.
The relative proportions of these two groups of
materials in the horny layer could explain why
one individual develops clinical disease whilst
another, equally at risk, does not. It may indeed
be significant that chronic infection by 7'. rubrum
is most common in those areas which lack se-
baceous glands and which, therefore, have a
lower concentration of free fatty acids. It is of
further interest that there was no significant
difference in the inhibitory effect of serum from
infected and control groups upon the growth of
the fungus.
The results after treatment with griseofulvin
raise several problems. The lower level of cho-
lesterol in acetone washings from infected pa-
tients and its return after treatment to the level
found in controls gives an indication of how the
presence of the fungus can affect the level of
individual components of the skin. This empha-
sizes the difficulty of interpreting experiments
aimed at disclosing differences between sus-
ceptible and non-susceptible individuals since
it must first be demonstrated that any differences
disclosed are not merely the result of the presence
of the fungus. Treatment with griseofulvin in-
creases the number of significant correlations
between components as compared with the
control group and raises the question of the
mode of action of this drug on animal cells.
This increase may reflect differences between
susceptible and non-susceptible individuals or
may be due to the action of the drug. One ex-
planation of the increased number of significant
correlations could be that the substances con-
cerned arise from a common precursor, e.g.
pyruvate and ammonia from alanine, but it is
difficult to conceive of such close relationship
between urea and lactate or pyruvate. An al-
ternative and more likely explanation would
be that a common source such as sweat, microbial
activity or cellular disintegration predominates
over all other sources. If these findings are due
to the action of griseofulvin it should be possible
to show by an analogous study similar changes
in a group of uninfeeted individuals before and
after treatment with this drug. It is worthy of
note that massive doses of griseofulvin by in-
travenous injection have been shown (24) to
affect animal cells; that oral administration to
mice increased the incidence of skin tumors
after painting the skin with methylcholanthrene
(25) and that intra-peritoneal injection potenti-
ated the action of colehicine in mice (26). These
observations underline the need of studying
the effect of this drug upon normal skin me-
tabolism.
SUMMAEY
In a study of susceptibility to infection by
7'. rubrum aqueous and acetone washings from
the skin as well as serum from infected patients
and controls have been examined for their effect
upon the growth in vitro of 7'. rubrum. No differ-
ences were found between the two groups with
either of the washings or with serum but the
aqueous extracts were shown to contain material
suitable for fungal growth whilst the free fatty
acids present in the acetone extracts were
strongly inhibitory to such growth.
No significant differences in the absolute
levels of ammonia, urea, lactate and pyruvate
were demonstrable in washings taken from
patients infected by 7'. rubruni and controls
also at risk, but significant correlation coefficients
between pairs of components were present in
both groups. Following treatment with griseoful-
yin the number of such significant correlation
coefficients was markedly increased.
The possible implications of these findings
are discussed.
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